Abstract. In this paper, the nonlinear FE simulation software LS-DYNA was used to simulate the impact on six kinds of layer doors. The results show that vertical stiffener can absorb partial impact kinetic energy, optimize the stress distribution, and significantly improve the safety performance of layer door. Conversely, the transverse stiffener reduce the impact safety of layer door. At the same time, the impacting test on layer door is carried out, and the experimental result was consistent with the simulation analysis, which verified the correctness of finite element analysis. The conclusions of simulation analysis and experiment will be helpful to the optimization design of stiffener's arrangement.
Introduction
With the rapid growth of elevator quantity all over the world, the elevator's service safety is being paid more and more attention [1] . The layer door is an important component of the elevator, but it is easy to derail when it is impacted, which will endangers the passengers' life and causes economical loss. In order to improve the impact safety, the stiffener is often arranged on the layer door. The stiffener can reduce the elastic-plastic deformation in the process of impacting. Therefore, the research and analysis of stiffener's arrangement plays an important role in improving the layer door's passive safety.
Jia et al. analysed the influence of the form and thickness of door panel and stiffener on layer door during the process of impacting [2] . Cui et al. improved the stability and stiffness of layer door by optimizing the transverse stiffener [3] . However, the above-mentioned research mainly discussed the relationship between the stiffener and the mechanical property of layer door, without considering the layer door's impact safety from the analysis of migration dynamics, meanwhile, the research on the impact of stiffener is mainly forced on the field of automobile, aviation, ship and so on. For example, Wang et al. analysed the process of flat plates impacting water and the dynamic responses under the water-entry impact load. It is concluded that the stiffened plates can effectively transfer the shockwave energy of the impact, and the crashworthiness is stronger [4] . Zhu et al. studied the process of stiffened plates′ impact damage under different impact conditions. The results show that there is a certain relation between the energy absorption characteristics of stiffened plates and the impact factors [5] .
In this paper, the influence of stiffener's arrangement on impact safety is studied. The finite element software LS-DYNA is used to simulate the collision on typical layer door. We analyse the elastic-plastic deformation and the energy absorption performance in the process of impacting, and obtain the most reasonable arrangement of stiffener. At the same time, the impacting process of layer door is simulated by a flexible pendulum impacting test. The displacement parameters of the certain part of layer door are analysed, and the results are compared. The results of simulation and experiment can provide reference for the design of layer door.
Model of Layer Door

Characteristics of Layer Door
The function of layer door is to seal the entrance to the hoistway, and avoiding a fall or cut accident. The assembly drawing of layer door is shown in Fig By analysing the application of existing layer door, it can be found as follows: (1) So the upper part of door leaf often does not fall off in the process of impacting; (2) the layer door guided by the slider and door shoe, however, after a long period of work, the door shoe will have security risks such as loosening, falling off, damage and so on. At the same time, There is almost no anti-drop device used in lower part, so the collision and accident are often caused by derailment in the lower part of door leaf.
The layer door is usually made of thin steel sheets, and we often equipped it with stiffener on the back to improve the strength and stiffness of layer door. When the impact happened, the stiffener absorb part of impact kinetic, reduce the elastic-plastic deformation, and improve the stability and safety of layer door. Because the type of stiffener have a great difference in impact safety of layer door, so we make a survey on the typical layer door which are widely used. Six arrangements of stiffener are shown in Fig. 2 . 
FE Model of Layer Door
Referring to the actual size of an elevator door, the finite element model is set at 2120×425mm, the thickness of the door plate and the stiffener is 1.5mm, and the initial meshing depth is 15mm.The finite element model of layer door equipped single vertical stiffener is shown as Fig. 3 . We restrict the displacement of the three directions of the door and the rotational along the third axis. Without constraining the slider, allowing the slider to wiggle in the ground. The pendulum has a mass of 45Kg, and it hits layer door at a speed of 4.47 m/s. The actual working conditions is simulated by the above boundary conditions, which is similar to a real behaviour of layer door during impacting. 6 shows the Z-direction displacement of the impacted point. The transverse reinforced layer door cannot improve the impact safety of layer door, especially the impact safety of the transverse double reinforced layer door is lower than the non-reinforced layer door. Vertical reinforced layer door can effectively increase the strength and stiffness, and reduce the elastic-plastic deformation in the impact.
Simulation and Analysis of Impact on Layer Door
Influence of Stiffener on the Impact of Layer Door
The Influence of Energy Absorption Performance of Stiffener on Layer Door
The impact kinetic of flexible pendulum is mainly transformed into mechanical energy of door plate and stiffener. According to Table 1 , we can find that the energy absorption effect of composite stiffener is lower than single vertical stiffener. The energy absorption effect of the double vertical stiffener is better than single vertical stiffener. It can be found that the vertical stiffener plays a good role in energy absorption during the impact. We can obtaining the deformation in the process of impacting. The experiment bench is shown in Fig. 8 , it is mainly consists of door leaf, sill, flexible pendulum, CCD and distance sensors. It is used to simulate the impact of layer door. The height of the leather pocket is 45KG, the drop height is 1000mm, and the length of cycloid is 1500mm. As shown in Fig. 9 , the impact test is carried out on three types of layer door: a. single vertical stiffener b. transverse stiffener c. composite stiffener. The pendulum dropped from the 1500mm position to the impact point of the layer door, and the layout mode, the meshing depth of door-sill, the response time and the impact deformation were recorded. The soft pendulum impact test is shown in Fig. 10 . Fig. 11 is the Y-direction position of the slider, Fig. 12 is the Z-direction displacement of the impacted point. Through the impact test and simulation results, it can be found that the simulation is basically consistent with the experimental data, indicating the accuracy of the simulation results. By observing the displacement of sliding blocks of various layers, it is found that the height of the sliding block rises sharply when the double transverse reinforced layer door is impacted. The single vertical stiffener and the composite stiffener can guarantee that the layer door do not be derailed. 
Analysis of the Impact Experiment of Layer Door Impact Test Platform of Layer Door
Result and Analysis of Experiment
Summary
In this paper, the impact safety of layer door is studied. The finite element software is used to simulate the impacting process. The elastic-plastic deformation and energy absorption characteristics of stiffener is analysed. At the same time, the flexible pendulum experiment was done to obtain the parameters of layer door in the impact. The following related aspects are essential for such a research work:
(1) The vertical stiffener can absorb the impact kinetic, effectively improve the stress distribution, and reduce the elastic-plastic deformation of door leaf.
(2) Reasonable arrangement of stiffener can improve the strength and stiffness of layer door. Within a certain range, good energy absorption performance can improve the impact safety of layer door.
(3) The analysis of layer door impact in this paper has the limitation that the set of impact points in this paper is in the middle of the door plate. Next, the impact of different parts need to be analysed. And in the subsequent research, we will analyse the deformation of layer door on a specific size and study the influence on the energy absorption performance of stiffener in the impact.
